Pathology, The Chrchill Hospital, Headington, Ox ford, England, and $ Statens Seruminstitut, DK 2300 Copenhagen S., Denmark THE Micrococcaceae have lipolytic activity that can be recognised by the precipitation of salts of fatty acids around colonies on nutrient agar containing lipid substrates. Some strains hydrolyse only compounds with short-chain fatty acids, and others hydrolyse compounds with longer chains as well as short chains (Gillespie and Alder, 1952; Baird-Parker, 1963 Stewart, 1965; Patterson, 1966; Tirunarayanan and Lundbeck, 1968) . Gillespie and Alder found that many coagulase-positive staphylococci produced opacity in egg-yolk glucose broth, whereas coagulase-negative strains did not have this property. The egg-yolk reaction is caused by a lipase (Gillespie and Alder; Shah and Wilson, 1963; Scrimgeour, Keane and Alder, 1967; Tirunarayanan and Lundbeck), and is inhibited by commercial staphylococcal antitoxic serum. Egg-yolk-positive strains hydrolyse Tween 80 (polyoxyethylene sorbitan monooleate) by means of a lipase (Sierra, 1957) but whether the same or a different lipase is responsible for this reaction and for the reaction in egg-yolk broth is not known. Alder, Gillespie and Herdan (1953) found that strains of Staphylococcus aureus from human sources gave a positive egg-yolk reaction more often than did strains from animal sources, but a comprehensive investigation of the lipolytic activities of the Micrococcaceae in general has not been reported.
goats, Shetland ponies, a surikate and single specimens of two species of mongoose) at the Zoological Gardens, Copenhagen ; and 23 from bacon.
Coagulase production was determined by Gillespie's (1 943) method. Coagulase-positive cultures were phage typed by the method of Blair and Williams (1961) with the International Basic Set of phages (Report, 1967) and with a new phage no. 6557 (Bulow, 1968) , now given the official number 93 (Report, 1971 ). Coagulase-negative cocci were classified as staphylococci and micrococci according to the system of Baird-Parker (1963).
Sampling techniques
Bacteria from human skin and from the skin and hair of animals were collected by the technique of Thomas (1961) on " Presson " self-adhesive labels (Norprint Ltd, Horncastle Road, Boston, Lincs). These were placed for about 1 min. on blood agar plates, which were then incubated at 37°C for 24 hr. It was not possible to collect organisms directly from the skin of a few timid animals, but organisms were obtained by swabbing greasy areas on the woodwork against which the animals had rubbed. Representative colonies were subcultured to nutrient agar slopes for storage.
Assessment of lipolytic activity
The egg-yolk reaction was performed in egg-yolk glucose broth (Gillespie and Alder) . Hydrolysis of Tween compounds was assessed on Sierra's agar medium containing one of the following substrates : Tween 20 (polyoxyethylene sorbitan monolaurate), Tween 80 (polyoxyethylene sorbitan monooleate) and Tween 85 (polyoxyethylene sorbitan trioleate). The Tween-agar medium was seeded from overnight cultures on nutrient agar by means of a platinum loop, so as to produce macrocolonies at least 6 mm in diameter. The plates were incubated aerobically at 37°C for 3 days, and the width of the zones of precipitation around the colonies was measured within 24 hr of the removal of the plate from the incubator. Strains with visible precipitation around the colony were regarded as positive; those with zones less than 2 mm in width were recorded as weakly positive and those with zones 2 mm or more in width as strongly positive.
Preparation of antisera
The antigenic activity of different lipases was studied by immunising rabbits with five strains that differed in their patterns of lipolytic activity (table I). Overnight cultures on nutrient agar were harvested in physiological saline and shaken for 15 min. with glass beads. Three rabbits were immunised with each organism. The first six injections were of a suspension killed by heating at 56°C for 18 hr and standardised to contain 2 x 108 organisms per ml; 0.2 ml of this suspension was injected intravenously each day for 3 days, and, after a rest of 3 days, 0.5 ml was injected daily for 3 more days. Then, 7 days later, 0.25 ml of living suspension (108 per ml) was injected, followed 3 days later by two more daily injections of the same volume, and then by three daily injections of 0.5 ml, of living suspension. Animals that became ill were given four daily injections of a mixture of benzylpenicillin 60,000 units, procaine penicillin 30,000 units, benzathine penicillin 60,000 units and dihydrostreptomycin 60 mg. All the staphylococci used in these experiments were sensitive to streptomycin and all but one to penicillin. The animals were bled before immunisation and 17 days after the end of the course.
Tests for antibodies
Antibody against the egg-yolk lipase in rabbit sera and in a commercial staphylococcal antiserum (Wellcome Reagents) was titrated in egg-yolk glucose broth (Gillespie and Alder) . Antibody against lipolytic activity on Tween media and on 5 per cent. egg-yolk agar was detected qualitatively by streaking the cultures on to plates, half the surface of which had been smeared with serum. Antibody to a-lysin was estimated by the method of Parish, Strain number O'Meara and Clark (1934) . Each serum was examined by Ouchterlony's (1953) doublediffusion method for precipitation against an extract of the immunising strain that had been prepared by disintegration in a press (Raper and Hyatt, 1963) . 
RESULTS

L@olytic action of Staphylococcus aurew on egg yolk and on Tween compoundr
Of 413 coagulase-positive staphylococci examined, 191 gave a positive reaction when tested in egg-yolk glucose broth (table II). All egg-yolk positive human sources strains gave a positive reaction with Tween 80 and-except for a few that were not tested-also in Tween 20 and Tween 85.
Among the 222 cultures that gave a negative egg-yolk reaction, 214 (96 per cent.) gave a positive reaction with the short-chain compound Tween 20, but only 53 (24 per cent.) gave a positive reaction with Tween 80 and 93 (42 per cent.) with Tween 85. Positive reactions with the longer-chained Tweens were in general more common among egg-yolk negative members of the 52, 52A, 80, 81 complex of phage-typing patterns than among other egg-yolk negative animal sources S. aweus strains, though most members of phage-group I1 gave a positive reaction with Tween 85.
Lipolytic actions and sources of coagulase-negative staphylococci and micrococci None of the 677 coagulase-negative strains gave a positive reaction in eggyolk glucose broth; 376 of them (56 per cent.) gave a positive reaction on Tween-20 plates and 293 (43 per cent.) on Tween-80 plates. The coagulasenegative strains of human origin were more strongly lipolytic than were those of animal origin, and classification of the organisms by Baird-Parker's method showed that most of the human strains were staphylococci and most of the animal strains were micrococci (table 111). The differences in lipolytic activity of human and animal strains corresponded to the finding that the staphylococci were in general more strongly lipolytic than the micrococci. Baird-Parker (1 963, 1965) previously reported a similar difference between the lipolytic properties of staphylococci and micrococci.
Reproducibility and stability of lipolytic actions
The egg-yolk reaction was previously found to be a stable and reproducible property of coagulase-positive staphylococci (Gillespie and Alder) . In the present study, this was also found to be true of the reactions of coagulasepositive and coagulase-negative staphylococci and of micrococci with the Tween compounds. Eighty cultures, of which 12 were coagulase positive and 68 coagulase negative and which included strains that were strongly and weakly lipolytic on Tween compounds, were freeze-dried and tested again 2 yr later, with the same results as before. Four coagulase-positive and four coagulasenegative strains, with lipolytic reactions on the Tween media ranging from very strong to negative, were subcultured successively five times on nutrient agar. Each of the 40 subcultures was then transferred on two consecutive days to nutrient agar plates containing one or other of the three Tween compounds. After incubation at 37°C for 3 days, the width of the precipitation zones-if any-was found to be the same as the zones formed by the strains before subculture. It was noted, however, that the precipitation zones on plates seeded from the cultures which had stood for 24 hr on the bench were slightly larger than those on plates seeded from fresh cultures.
Serological differences between lipases active on egg yolk and
on Tween compounds, and a-toxin The nine rabbits inoculated with coagulase-positive staphylococci (table I) became ill, and two died before antibiotic treatment was initiated. Those inoculated with the egg-yolk positive strain became ill more rapidly than did the others and one died. The six rabbits inoculated with coagulase-negative strains remained well.
The pre-injection sera were tested by Ouchterlony's method against extracts of the immunising strains; precipitation lines were not formed. In similar tests, the sera from rabbits immunised with coagulase-positive strains formed numerous heavy lines, whereas those immunised with coagulase-negative strains gave fewer lines, all of which were faint. We do not know whether this difference was due to the stronger antigenic properties of the coagulase-positive strains or to the fact that they caused more prolonged infections in the rabbits and so immunised them more effectively than did the coagulase-negative strains.
The ability of the rabbit sera and of the commercial antiserum to neutralise the actions of the immunising strains in egg-yolk glucose broth and on Tweenagar plates was investigated. Only the sera from rabbits immunised with the egg-yolk positive strain, and the commercial antiserum, neutralised the egg-yolk reaction. None of the sera neutralised the actions of any of the cocci on any Tween compound. Only the sera prepared against the three coagulase-positive strains and the commercial antiserum neutralised staphylococcus a-toxin. It was evident, therefore, that a-toxin, egg-yolk lipase, and the lipases active on Tween compounds were all antigenically different.
DISCUSSION
Our experiments suggest that there are three different kinds of lipase activity among the Micrococcaceae: (1) the reaction in egg-yolk glucose broth, a property shown by some coagulase-positive strains but not by coagulase-negative strains; (2) activity on long-chain fatty-acid compounds such as monooleates and trioleates (Tween 80 and 85), a property shared by some coagulase-positive and some coagulase-negative cocci ; (3) activity against short-chain fatty-acid compounds, e.g., Tween 20, and possessed by nearly all coagulase-positive and coagulase-negative cocci. Only the egg-yolk lipase was found to be antigenic in rabbits.
Confusion has arisen from differences in methods of demonstrating the egg-yolk reaction. Gillespie and Alder (1952) found that changes brought about by S. aureus on egg-yolk agar were sometimes weak and difficult to read, and were not always neutralised by antiserum. A higher proportion of positive reactions was obtained on egg-yolk agar than in broth, a result also reported by Gare (1969). Spink and Strong (1968) , using egg-yolk mannitol agar, obtained positive reactions with some coagulase-negative strains. It is therefore recommended that the term " egg-yolk positive " be confined to strains that produce opacity in egg-yolk glucose broth (Gillespie and Alder) because this reaction is clear cut, fully neutralised by antiserum and never given by coagulase-negative strains.
There clearly are differences between the Iipolytic reactions responsible for the egg-yolk test and for the hydrolysis of the various Tween compounds. It may be that the egg-yolk reaction and the Tween reactions are produced by different enzymes, or that a complex of enzymes is responsible, some of which hydrolyse one or more of the Tween compounds in addition to egg-yolk lipid. The stronger reactions with Tween 80 obtained in the present study compared with those of Jessen et al. (1959) may be explained by differences in size of inoculum and duration of incubation. The different serological properties of the '' egg-yolk factor " and the enzyme active against Tween 80 might be due to a lack of antigenicity of the latter, or to its being present in too small a quantity to be demonstrated in the method that was employed. Lacey, Alder and Gillespie (1970) found little difference between the ability of strongly and weakly lipase-producing staphylococci to survive on normal skin. Similar experiments were carried out by one of us (V. G. A.) on covered skin (Lacey 1968 ), but with a longer period of contact (72 hr) between the organisms and the skin; these also did not reveal much difference between the survival of egg-yolk positive and egg-yolk negative S. aureus. Although such experiments do not reproduce natural conditions, there was no suggestion that the preponderance of egg-yolk positive strains in furunculosis, observed by Alder et al. (1953, 1955) , might be attributable to their greater power of survival on the surface of skin. Jessen and Bulow (1967) found that Tween 80-positive strains of the 52, 52A, 80, 81 complex, when inoculated into the hair follicles of pig skin, caused boil-like lesions, whereas Tween 80-negative variants (Rosendal and Bulow, 1965) of them did not do so. The relationship between lipases and virulence of staphylococci should be investigated further.
SUMMARY
Gram-positive, catalase-positive cocci from man and animals were examined for lipolytic action in egg-yolk glucose broth and on various Tween compounds.
The reaction in egg-yolk glucose broth was given by some coagulase-positive staphylococci but not by any of the coagulase-negative strains. The cultures producing this reaction also attacked all the Tween compounds. In addition, nearly all egg-yolk negative, coagulase-positive staphylococci attacked Tween 20 and a number-particularly members of the 52, 52A, 80, 81 complex of phage-typing patterns-also attacked the longer-chained Tweens. The egg-yolk factor appeared to be antigenically distinct from the lipases that acted on Tween compounds, and from or-lysin.
Among the coagulase-negative cocci, the results showed broad differences between human and animal strains. Most of the human strains were staphylococci and were strongly lipolytic, whereas most of the strains from animals were micrococci and were feebly lipolytic.
